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(54) Process lor separating sodium from aqueous effluents resulting from the reprocessing of spent nucl ar 
fuel elements 

(57) EMlueni (3) «s introduced into a tangential filtration module (11), whose membranes are made from 
polyar amtcjc suiphonated polysulphone or perfluorinated ionomer, so as to collect a permeate P containing 
sodium depicted »n radioactive elements and a retentate R enriched in radioactive elements. 

The r .idto.ictive elements may be complexed with ethylene diamine tetraacetic acid, a polyacrylic acid, a 
polyvinyl Miiphomt acid, or a polyethylene imine, in order to give an improved separation. 

The effluent is subject to a pressure differential across the membrane. 
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PROCESS FOR SEPARATING SODIUM FROM AQUEOUS EFFLUENTS RESULTING 
FROM THE REPROCESSING OF SPENT NUCLEAR FUEL ELEMENTS 

DESCRIPTION 

5 

The present invention relates to a process for separating sodium from 
aqueous effluents resulting from the reprocessing of spent nuclear fuel 
elements. 

10 More specifically, it relates to the use of nanof iltr a tion and charged por- 
ous membrane procedures for separating the sodium from the radioactive ele- 
ments present in such effluents. 

The effluents resulting from the reprocessing of spent nuclear fuel elements 
15 generally contain large amounts of sodium salts and traces of radioactive 
elements such as Sr, Cs, U0 2 , Ru, etc. Generally, these effluents are con- 
centrated by evaporation and then the concentrates are subject to a vitrifi- 
cation process for storing the radioactive elements in a vitreous matrix. 
However, the presence of a large amount of sodium in such effluents is 
20 prejudicial to the vitrification. It is therefore necessary to separate the 
sodium from the radioactive elements before carrying out such a treatment. 
For such a separation, it would be possible to use solid-liquid or liquid- 
liquid extraction precipitation methods, but the use thereof suffers from 
the disadvantage of leading to the obtaining of other waste materials, which 
25 must then in turn be treated. 

The present invention relates to a process for separating sodium from 
effluents containing radioactive elements and which has the advantage of not 
leading to the production of other waste, due to the use of nanof iltrat ion 
30 or charged porous membrane methods, for the purpose of selectively concen- 
trating the radioactive elements in an aqueous solution and separating the 
sodium in aqueous solution. 

Membrane methods make use of a semi-permeable membrane, which is a barrier 
35 positioned between two homogeneous media, opposing an unequal resistance to 
the passage of the different constituents of a fluid (suspension, solute, 
solvent). The force can be due to a pressure gradient ( microf iltr a t ion , 
ultrafiltration, nanof iltrat ion , reverse osmosis), a concentration gradient 
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(dialysis) or a electric potential ( elec trodialy sis ) . 

Nanof iltra tion methods use membranes, whose cutoff threshold with respect to 
neutral solutes is between 300 and 1000 g.mole . These membranes have the 
5 special feature of being selective with respect to ions in solution through 
a greater retention of the polyvalent ions. The membranes used can be 
organic, mineral or organomineral . 

Thus, WO-92/06775 describes organomineral nanof iltration membranes incor- 
10 porating an active polymer layer such as sulphonated polysulphones , poly- 
benziraidazolones, poly viny lidine fluorides in grafted form and perfluorin- 
ated ionomers such as Nafion. These membranes have high retention proper- 
ties for polyethylene glycols. Their cutoff threshold defined as the 
minimum molar mass to have a retention rate or level of 90% is in the range 
15 300 to 1000 g.raole" 1 . 

The document by A.G. Gregory "Desalination of sweet-type whey salt dripping 
for whey solids recovery", Bulletin of the IDF 212 - chapter 7, pp 38-49, 
indicate the NaCl rejection properties of polyaramide membranes. 

20 

FR-A-2 600 264 also describes organomineral membranes incorporating an 
inorganic porous support and a microporous membrane of organic polymer such 
as polysulphones, polyaraides, cellulose esters and cellulose ethers. These 
membranes can be used for the desalination of water. 

25 

The present invention specifically relates to a process for separating 
sodium from aqueous effluents resulting from the reprocessing of spent 
nuclear fuel elements, using a membrane which retains the ions of the radio- 
active elements much more than the sodium ions, so as to be able to separate 
30 the sodium in an aqueous solution and obtain for the vitrification an 

aqueous solution depleted in sodium and containing virtually all the radio- 
active elements. 

The invention therefore relates to a process for separating sodium from at 
35 least one radioactive element present in an aqueous effluent resulting from 
the reprocessing of spent nuclear fuel elements, characterized in that the 
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effluent is passed through a charged porous membrane or a nanof iltration 
membrane, whose active layer is constituted by a polyaramide, a sulphonated 
polysulphone, a polybenziraidazolone , a poly vinylidene fluoride, which may or 
may not be grafted, a polyamide, a cellulose ester, a cellulose ether or a 
5 perf luorinated ionomer, by applying between the two opposite faces of the 
membrane a pressure difference so as to collect a permeate containing 
sodium depleted in radioactive elements and a retentate enriched in radio- 
active elements* 



10 The membranes used can be a commercial nanof iltration membrane F1LMTEC NF 70 
or a membrane like those described in WO-92/06775, or a membrane as des- 
cribed in r R-A-2 600 264. 



As a result of the choice of membranes used in the invention, at the end of 
15 the operation it is possible to obtain a first aqueous solution containing 
sodiur. and a second aqueous solution containing virtually all the radio- 
active elements and sodium in a much smaller quantity than that of the 
startinr aqueous effluent. 



^ Ttit- reer^rj.ies used in the invention can have an active layer of polyaramide, 
Swlphcnaied polysulphone or per f luorinated ionomer and said active layer is 

j! lv placed on an inorganic porous support with the optional inter- 
p^.-:\? : ar, intermediate, organic material layer having a porosity lower 
: ? .ir the support. They can be manufactured by the processes des- 

' . : . . - • 92/06775 or FR-A-2 600 264. 



>vntion, preference is given to the use of one of the following 



: jr.e incorporating an inorganic porous support of alumina coated 
. i -rraediate Ti0 2 layer and an active, per f luorinated ionomer layer 
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with 5 < m < 13. 5 
n :x 1000, and 
2=1,2, 3, 

5 2) a polyaramide membrane like that complying with the formula given in the 
attached fig. 4, 

3) a membrane having a porous alumina support covered with a sulphonated 
polysulphone layer. 

10 

For performing the process according to the invention, use is preferably 
made of the tangential filtration method, which limits the phenomenon of 
accumulating species retained on the surface of the membrane, because the 
circulation of the retentate gives rise to high turbulence in the vicinity 
15 of the membrane. Moreover, this type of filtration permits a continuous 
use . 

For this purpose, it is possible to use modules in the form of parallel 
plates or tubes, like those conventionally used in this mechod. It is also 
20 possible to use modules in which the membrane are flat and spirally wound 
around a perforated, hollow tube used for collecting the permeate. 

In order to obtain the desired retention rates or levels, it is possible to 
act on the pH of the aqueous effluent, the pressure difference, the reten- 
25 tate circulation speed and the temperature used. 

In general, the pH of the aqueous effluent is 3 to 9, because under these 
conditions good retention rates of the radioactive elements compared with 
the sodium are obtained. When the aqueous effluent to be treated has a pH 
30 outside this range, it can be adjusted beforehand to the desired value by 
adding NaOH or HN0 3 . 

The pressure difference applied between the two faces of the membrane can 
vary within a wide range, but good results are obtained with a pressure 
35 difference from 0.2 to 2.5 KPa. 
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In certain cases, it is possible to improve the retention level of the mem- 
brane for radioactive elements by coraplexing one or more elements present in 
the effluent. In this case, to the aqueous effluent, prior to its passage 
through the membrane, is added an agent which complexes at least one of the 
5 radioactive elements present in the effluent. Examples of complexing agents 
improving the Sr/Na separation, reference can be made to ethylene diamine 
tetraacetic acid, polyacrylic acid, polyvinyl sulphonic acid, salts of these 
acids and polyethylene iraine. 

10 As an example of a complexing agent usable for separating sodium from cesium, 
reference can be made to te trame thylcalixr esor cinolarenes of formula: 



with n being an integer from i to 5. 

Such calixarenes can be obtained by the process described in "Two stereo- 

isomeric macrocyclic resorcinol-ace taldehyde condensation products 4 ' by A.G. 
25 Sverker Hogberg, J. Org. Chero. , 1980, 45, pp 4498-4500. 

For the performance of the process according to the invention, the retentate 
flow rates are chosen so as to obtain the desired separation. 

30 Working generally takes place ac ambient temperature, or a higher or lower 
temperature ranging e.g. between 5 and 35°C, 

For performing the process of the invention, use can be made of several 
modules in series and/or in parallel, optionally using different membranes 
35 in certain modules for increasing the rejection or discharge rate with 

respect to certain elements compared with the sodium, so as to obtain at the 



15 




20 



T 7 



- 6 - 



end of the operation an aqueous sodium solution containing virtually no 
radioactive element and which can be discharged into the environment. 

Therefore this process is very advantageous, because it leads to an aqueous 
5 solution of radioactive elements appropriate for the vitrification treat- 
ment, without giving rise to other waste materials requiring conditioning. 

Other features and advantages of the invention can be gathered from reading 
the following description of exemplified embodiments given in an illustrat- 
10 ive and non-limitative manner with reference to the attached figs. 1 to 16, 
wherein show: 

Fig. 1 A diagrammatic representation of the installation for performing 

the process according to the invention. 

15 

Fig. 2 A tubular nanofi It ration membrane usable in the installation 

of fig. 1. 

Fig. 3 A spiral nanof il tration module usable in the installation of 

20 fig. 1. 

Fig. A The formula of a polyaramide used in the invention. 

Figs- 5 Graphs representing the influence of the pressure, pH, strontium 

25 to 9 concentration or sodium concentration on the retention rate of 

nanof il tra t ion membranes used in the invention. 

Fig. 10 The results obtained using several successive nanof il tra tion 

modules for separating sodium from an effluent containing 
30 strontium. 

Figs. 11 The influence of the complexing pH of the strontium by ethylene 
and 12 diamine tetraacetic acid or polyacrylic acid on the membrane 

retention rate. 

35 
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Figs, 13 The influence of Che sodium concentration and pressure on the 
to 16 retention rates of two charged porous membranes according to the 

invention. 

5 Figs. 17 The influence of the pH on the retention rates of a nanofiltra- 
to 20 tion membrane with the following respective complexing agents: 

polyvinyl sulphonic acid (PVSA), polyethylene iraine (PEI) # 
polyacrylic acid (PAA) and ethylene diamine tetraacetic acid 
(EDTA). 

L0 

Fig. 21 The influence of the concentration of the complexing agent 

( tetramethylcalix[ 4 ] -resorcinolar ene) on the retention rate of 
a nanof iltra tion membrane relative to sodium and cesium. 

15 Figs. 22 The influence of the transmembrane pressure on the retention 
& 23 rate of the membrane for sodium and cesium in the presence of 

the complexing agent used for fig. 21. 

Fig. 24 The diagram of a nanof iltra tion-coraplexing Cs/Na separation 

20 installation. 

Fig. 25 The influence of the volume concentration factor (VCF) on the 

retention rates of a nanof iltration membrane using PAA as the 
complexing agent or sequestrant. 



25 



The volume concentration factor is defined by the formula: 



vrp - initial effluent volume (supply) 

final effluent volume (retentate volume) 

30 

Fig. 26 The diagram of a diaf iltra tion installation using PAA as the 

complexing agent. 

Fig. 27 The influence of the content of the complexing agent PAA on the 

35 retention rates of a nanof iltration membrane. 
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Fig. 28 The influence of the pressure on the retention rates of a nano- 

filtration membrane with complexing by PAA. 

Fig. 1 shows an installation of a tangential filtration module comprising a 
5 tank 1 containing the effluent 3 to be treated, which can be maintained at 
an appropriate temperature by a cryostat 5. The effluent to be treated is 
introduced from the tank 1 by a pipe 7 equipped with a pump 9 into the 
filtration module 11, from which is drawn off the retentate R by means of 
the pipe 13 and the permeate P by means of the pipe 15. The pipes 7 and 13 
10 are equipped with manometers 17 and 19 and the pipe 13 with a valve 20. 

In the filtration device 11 use can be made of tubular membranes like that 
shown in fig. 2, or spiral modules, like that shown in fig. 3. 

15 Fig. 2 shows in perspective a tubular membrane having a support 21 made from 
an inorganic material, e.g. ^-alumina coated with an intermediate, inorg- 
anic layer 23, e.g. of Ti0 2> and an active layer 25, e.g. of Nafion. 

The internal diameter of the tube d is e.g. 7 mm, the thickness of the 
20 active layer 25 can be 0.1 pm, the thickness of the inorganic layer 23 can 
be 3 to 5 urn and the thickness of the alumina support can be 1.5 mm. With 
tubes of this type, it is possible to circulate the effluent to be treated 
in the interior of the tube. This leads to the collection of the retentate 
R at the tube outlet and the permeate P at the tube periphery. 

25 

A group of tubes of this type can be installed in conventional manner in an 
enclosure between two end plates, which define with the enclosure an intro- 
duction space for the effluent and a collection space for the retentate, 
the permeate being collected in the enclosure. 

30 

Fig. 3 shows a spiral module having two semi-perraeable membranes 31, 33 
spirally wound around a hollow, perforated support tube 35, which defines a 
collection tube for the permeate P. The two membranes are maintained at an 
appropriate spacing by a grating 37 and are located in a tight tube 38. 
35 With such a module, the effluent is circulated in the space between the mem- 
branes 31, 33 equipped with the grating 37 and the permeate is collected in 
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the space illustrated by the arrows leading to the tube 35. 

The following examples illustrate the results obtained with the process of 
the invention. 

5 

Example 1 

In this example treatment takes place of an aqueous effluent (pH 5.5) having 

2 g/1 of Na + ions, 25 mg/1 of Sr ++ ions, 25 mg/1 of U0 2 ** ions and 25 mg/1 

10 of Cs ions, using as the membrane that marketed under the name FILMTEC NF70, 

which is formed by a spiral module like that of fig. 3 using polyaramide 

membranes, whose formula is given in fig. A. The FILMTEC NF70 membrane has 

-I -2 -1 

a permeability to bidistilled water of A. 5 l.h .ra .bar 

15 This example studies the influence of the pressure applied on the retention 
rate of sodium, cesium, strontium and uranium. The retention rate KR is 
defined by the formula: 

- [<C n -C )/C n ]X100 
up u 

20 ( 

in which represents the concentration of the element in the supply and 
0^ represents the concentration of the element in the permeate. 

In each case, no matter what the pressure applied to the effluent, the 
25 installation is made to operate at 27°C, at atmospheric pressure on the 

permeate side and with a constant retentate flow rate of 800 1/h and deter- 
mination takes place of the concentrations in elements of the retentate and 
permeate by atomic absorption spectrometry in the case of sodium, cesium and 
strontium and plasma torch in the case of uranium. The results obtained 
30 for the pressures from 0.25 to 1.5 HPa are given in fig. 5. 

The curves of fig. 5 illustrate the retention rates of Cs, Na, Sr and U, as 
a function of the pressure applied. These curves show that cesium and 
sodium are retained less than strontium or the other raulticharged cations, 
35 which makes it possible to separate the sodium from the uranium and stron- 
tium. 
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Example 2 

This example also studies the influence of the pressure on the retention 
rates of Na, Cs, Sr and U using an effluent with the same composition as 
that of example 1, but a tubular nanof iltration membrane TN260, whose 
active layer is of Nafion and which has a structure like that illustrated in 
fig. 2. 

This membrane comprises a 1.5 ram x - alumina support, an intermediate, 3 to 5 
pm Ti0 2 layer and an approximately 0.1 urn Nafion nanof iltrating layer. 
It has a permeability to bidistilled water of 3.5 1 . h" 1 . ra~ 2 . bar" 1 . 

In this case working takes place at 35°C with a retentate flow rate of 
800 1/h. Fig. 6 gives the results obtained on varying the pressure from 
1 to 2.5 MPa. 

As with the FILMTEC NF70 membrane, sodium and cesium are retained less than 
strontium and uranium. 

Example 3 

This example studies the influence of the pH of the effluent on the reten- 
tion rate of sodium and strontium using as the membrane the FILMTEC NF70 
membrane used in example 1 and an aqueous effluent containing 2 g/1 of Na^ 
and 25 mg/1 of Sr . Between the two faces of the membrane is applied a 
pressure difference of 0.9 Mpa and the retentate flow rate is set to 800 
1/h. The operating temperature is 27°C. 

The sodium and strontium retention rates obtained under these conditions and 
as a function of the effluent pH, are given in fig. 7. Fig. 7 shows that 
Che sodium is less retained than the strontium. However, the calculation of 
the Sr/Na selec t ivi t ies (defined by: Sr//Na selectivity - (100 - TRNa ) / 
(100 - TRSr ) ) reveals a better Sr/Na separation at high pH-values. 
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Retentate pH 



TRNa 



TRSr 



Sr/Na selectivity 
= (100 - TRNa)/(100 - TRSr) 



10 



3.06 
4.08 
5.39 
6 

6.6 
9 

Example 4 



76.3 
67.6 
73 

77.6 
77.6 
81.7 



92.6 
92.5 
93 
95 

96.6 
98 



3.2 

A. 3 

3.86 

4.5 

6.6 

9.15 



This example studies the influence of the strontium concentration on the 
retention rates of the F1LMTEC NF70 membrane. The starting effluent has a 
15 pH of 4.5 and contains 2 g/1 of Na , the strontium concentration being 

varied from 0 to 6.3»10 5 M. Filtration takes place under a pressure diff- 
erence of 0.4 MPa at a temperature of 26°C, whilst regulating the flow rate 
in such a way that the retentate rate is 800 1/h. 

20 The results obtained are given in fig. 8, where it can be seen that when the 
Sr content drops the Sr/Na selectivity passes through a minimum. 

Example 5 

25 This example studies the influence of the sodium concentration on the reten- 
tion rates of the F1LMTEC NF70 membrane. 



Use is made here of a liquid effluent with a pH of 5.5, a Sr concentration 

of 25 rng/1 and a pressure difference is applied of 1.2 MPa with a retentate 

30 flow rate of 800 1/h. The results obtained are given in fig. 9, where it is 

2 + + 

possible to see a drop of the Sr /Cs selectivity to a NaNO^ value of 
2.6 to 3.5 M. 



The results of examples 1 to 5 show that the FILMTEC NF70 membrane can be 
35 used for obtaining, from an aqueous effluent, an aqueous sodium solution 
containing virtually no radioactive element. 
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Example 6 

Fig. 10 shows an installation for treating an aqueous effluent containing 
strontium and sodium. This installation comprises several nanof iltrat ion 
5 modules in series and in parallel, so as to obtain at the outlet of the 
installation an aqueous sodium solution which can be discharged into the 
ocean and a strontium solution having a low sodium content and treatable by 
vitrification. 

10 Fig. 10 shows that the installation comprises a first nanpf iltration module 
110 into which the aqueous effluent to be treated is introduced by pipe 111. 

The permease which passes out of the nanof iltrat ion module through pipe 113 
is treated in series in two nanof i 1 tra t ion modules 115a and 115b, the reten- 
15 tate produced in each of these modules being recycled by the pipe 119 into 
the first nanof iltration module 110. The solution passing out of the final 
nanof l 1 1 rat ion module 115b through the pipe 121 is constituted by an aqueous 
solution essentially containing sodium and which can be discharged into the 

nr. ur. . 

7~.»- :»-:»:r,L«ue passing out of the first nanof iltration module 110 through the 
; . .: i is treated in series in the modules 125a, 125b, 125d and 125e, the 
obtained in each module being recycled with the aqueous effluent 
*. into the first nanof il tra tion module 110. 

- • ; • .- the final nanof iltration module 125e, a retentate is obtained 
• - .-.nly little sodium and most of the radioactive elements. Each 

ii.-jn module can be made to operate in such a way as to obtain an 
p-rmeate and retentate flow rate. 

:•. raveled and treated flow rates and the strontium and sodium concen- 
::j:h.t.v of the different flows are given in fig. 10, The pressure diff- 
erence applied in each module is 0.5 MPa. 

35 It can be seen that the retentate solution leaving the final nanof iltrat ion 
module has been enriched in strontium compared with sodium and can be passed 
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directly into a vitrification installation. The permeate obtained at the 
outlet from the nanof iltra tion module 115b contains very little strontium 
compared with sodium and can be directly discharged into the ocean. 

5 In this installation, in order to compensate the Sr quantities sent for 
vitrification and make the installation operate with a constant strontium 
concentration, strontium is added to the feed, i.e. 112 mg/1 of Sr. The 
addition of a small non-radioactive strontium quantity (or another element) 
is an isotopic dilution enabling the membrane to operate at its maximum 

10 retention efficiency for said cation or some other element. 

-1 -2 

This installation makes it possible to treat 1.9 l.h .m in the case of 
the FILMTEC NF70 membrane. 

1 5 Example 7 

In this example treatment takes place of an aqueous effluent containing 

sodium, strontium and cesium with the same composition as in example 1. 

However, the strontium retention rate is improved by adding a coraplexing 

20 agent constituted by ethylene diamine tetraacetic acid (ETDA) at a concen- 

+ 

tration of 0.04 mole/1, which corresponds to 0.5 eq. with respect to Na . 

To treat the effluent use is made of the nanof iltr at ion module of fig. 3 
with the FILMTEC NF70 membrane. The pressure difference applied is 0.5 MPa 
25 and the retentate flow rate is fixed at 800 1/h. The temperature is 25°C. 

The influence of the pH of the effluent is studied on the retention rates 
of strontium, sodium and cesium. The results obtained are given in fig. 11- 
The latter makes it clear that the retention of strontium is virtually total 
30 for a pH above 6 and that the retention rates of cesium and strontium also 
increase with the pH. 

Example 8 



35 This example follows the operating procedure of example 7 for treating an 
effluent having the same composition, but using as the coraplexing agent 



- 14 - 



polyacrylic acid with a concentration of 1.2*10 mole/1, which corresponds 
to 2 monomer equivalents with respect to all the ions Cs , Sr and UO^ 

The results obtained are given in fig. 12, which illustrates the evolution 
5 of the retention rates of strontium, cesium and sodium as a function of the 
pH. Once again, for pH- value's above 6, the strontium retention is almost 
complete. 

Thus, with the FILMTEC NF70 membrane, the optimum sodium-strontium select- 

10 ivity is obtained with polyacetic acid at a pH above 7 RR(Na*)=72% and 

RR( Sr 2 * = 100%) . In addition, with the addition of polyacrylic acid, it is 

possible to use a single nanof iltration module for discharging into the 

ocean a solution only containing sodium and supplying tor vitrification a 

solution only containing 10% of the initial sodium and all the strontium. 

-1 -2 

15 Such a process makes it possible to treat 18.7 l.h .m 
Example 9 

This example uses a sulphonated polysulphone charged porous membrane placed 
20 on a porous ^-alumina support of thickness 1 . 5 mm and with a pore radius of 
0.2 pro. The sulphonated polysulphone used has the formula: 

25 (SOjHJo. i 

-1 -2 -1 

The membrane has a permeability to bidistilled water of 25 l.h .m .bar 

A study is made of the influence of the sodium concentration on the cesium/ 
sodium separation from an aqueous effluent containing 15 mg/ 1 of Cs and 
30 sodium concentrations from 0 to 0.0015 mole/1. Filtration takes place with 
a pressure difference of 0.2 MPa, at 25°C and a retentate flow rate of 500 
1/h, i.e. a tangential filtration velocity of 3.7 m/s. 

The results obtained are given in fig. 13 representing the evolution of the 
35 sodium and cesium retention rates as a function of the sodium concentration. 
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Fig, 13 makes it clear that the cesium is retained more than the sodium and 
that the Cs*/Na + selectivity drops when the sodium concentration rises 
(Cs/Na selectivity * 2.3 at 2.10 M sodium and Cs/Na selectivity » 1.5 at 
1 .6.10 M sodium) . 

5 

Example 10 

This example uses the same membrane as in example 9 for treating an aqueous 
effluent incorporating 15 mg/1 of Cs* and 5 mg/1 of Na + , at a temperature of 
10 25°C, a retentate flow rate of 500 1/h and a tangential filtration velocity 
of 3.7 m/s. A study takes place of the influence of the pressure difference 
applied between the two faces of the membrane on the retention rates of 
cesium and sodium. 

15 The results obtained are given in fig. 14, which shows the evolution of the 
retention rates of sodium and cesium as a function of the pressure differ- 
ence applied. Thus, the sodium-cesium selectivity increases with the trans- 
menbrane pressure. 

20 Lxd^:>- :i 

7ms « simple uses a sulphonated polysulphone charged porous membrane deposi- 
ts: a porous ^-alumina support with a pore radius of 0.2 pra and having a 

r k* .i: : 1 ; t y to bidistilled water of 14 1/h" .ra .bar . This membrane is 
i.'-: : r treating an aqueous effluent incorporating 15 mg/1 of Cs and vari- 
,i : . « * concentrations, by applying a pressure difference of 0.5 MPa, at 

ure of 25°C and with a retentate flow rate of 500 1/h, i.e. a tan- 
: ; 1 t ration velocity of 3.7 m/s. 

3 -j :b obtained are given in fig. 15, which illustrates the variations 

• ::.*- retention rates of sodium and cesium as a function of the sodium 

L.-'.t miration. Fig. 15 makes it clear that a Cs /Na selectivity is 

obtained, which decreases when the sodium concentration increases (Cs/Na 

selectivity = 2.5 at 2,6.10 M sodium and Cs/Na selectivity = 1.73 at 
-3 

35 8. 10 # i0 M sodium) . 
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Example 12 

This example follows the operating procedure of example 11 for treating an 
aqueous effluent incorporating 15 mg/1 of Cs* and 200 mg/1 of Na* operating 
5 under the same conditions, but a study is made of the influence of the 
pressure difference applied on the cesium and sodium retention rates. 

The results obtained are given in fig. 16, which shows the evolution of the 
cesium and sodium retention rates as a function of the pressure applied. 
10 A good cesium-sodium selectivity is obtained and it can be seen that the 
pressure has little influence on the selectivity. 

Examples 9 to 1 1 show that sulphonated polysulphone membranes have good 
Cs/Na separation properties. 

15 

Thus, by combining in the same effluent treatment installation these mem- 
branes and F1LMTEC NF70 membranes, it is possible to separate sodium from 
al the radioactive elements present in the aqueous effluent to be treated. 

20 Examples 13 to 16 

These examples follow the operating procedure of example 1 for treating an 
aqueous effluent with the same composition and using as the membrane the 
FILMTEC NF70 membrane, but accompanied by the addition to the effluent of 
25 a coraplexing agent or sequestrant for modifying the selectivity of the 
membrane . 

In example 13, the coraplexing agent is polyvinyl sulphonic acid (PVSa) 
sodium salt, 25 wt.%, marketed by ALDRICH, which has a molecular weight of 
30 2000 g/mole and complies with the formula: 

[-CH CH(-S0 n Na)-] . 
l J n 

Example 14 uses a polyethylene imine (PEI), 50 wt.%, marketed by ALDPxICH and 
35 complying with the formula: 
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CH 2 CH 2 NHCH 2 CH 2 NH 2 



[ -N-CH 2 CH 2 NHCH 2 CH 2 - ] 
5 (molecular weight: 5000 g/mole). 

Example 15 uses as the coraplexing agent polyacrylic acid (PAA), 65 
wt.%, marketed by ALDRICH and complying with the formula: 

10 [~CHo2CH(-C0 o H)-) 

(molecular weight: 2000 g/mole). 

Example 16 uses ethylene diamine tetraacetic acid (EDTA) disodiura salt in 
15 dihydrate form marketed by PR0LAB0 and of formula: 

H00CCH 2 CH 2 C00Na 



20 



N-CH -CH -N 



H00CCH 2 CH 2 C00Na 



The operating conditions are as follows: 

25 - [Na + ] 2 g/1 

- [Sr 2 "] = [U0 2 2+ ] = [Cs*] = 25 mg/1 

- I\? = 0.5 MPa 

- number of equivalents of the monomer of PAA, PEI or PVSA/ 

2 + 2+ + 

(Sr + U0 2 - Cs ) = 2 

■+■ 

30 - number of equivalents of EDTA/Na =0.5 

- T = 25°C 

- retentate flow rate = 800 1/h. 

The results obtained with these complexing agents with respect to the reten- 
35 tion rate ( RR in %) of strontium, sodium and cesium are given in figs. 17 
to 20. 
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These drawings make it clear that EDTA , PEI and PAA lead to a high Sr/Na 
selectivity with a virtually complete retention of the strontium in a pH 
range individual to each coraplexing agent. EDTA and PAA complex Sr for a pH 
higher than 6, whereas PEI functions at a pH below 7. Thus, the nature of 
5 the complexing agent can be chosen as a function of the pH of the effluent 
to be treated. Uranium was only determined in the case of PAA, its reten- 
tion rate exceeding 97.7% for a pH above 7. 

Example 17 

10 

In this example sodium is separated from cesium using as the nanof i 1 t ra t ion 
membrane the FiLMTEC NF70 membrane, but whilst adding to the effluent a 
coraplexing agent constituted by tetramethy lcalix[ A ] r esor cinolar ene of 
formula: 




with n = 1 . 



The starting aqueous effluent ( pH = 9) contains 2000 mg/1 of Na and 10 mg/1 
25 of Cs\ 

Na/Cs separation takes place under the following conditions: 
AP = 0.5 MPa 
T = 25°C 

30 retentate flow rate - 800 1/h, 

following the same operating procedure as in example 1, but adding to the 
effluent te tr amethy lcalix [ A ] resorcinolarene at concentrations from 0 to 80 
resorcinol unit equivalents per atom of Cs. 

35 The results obtained with this coraplexing agent with respect to the reten- 
tion rates of cesium and sodium are given in fig. 21. Fig. 21 shows that 
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the retention rate of cesium increases with the complexing agent concen- 
tration. 

The Cs/Na selec tivities for different complexing agent concentrations 
5 (number of resorcinol unit equivalents per Cs) are given hereinafter: 

Number of resorcinol unit 0 25 50 75 

equivalents/Cs 

10 Cs/Na selectivity 1.08 2.82 4.38 3.58 

Thus, a good Cs/Na selectivity is obtained. Moreover, calixarene does not 

pass through the F1LMTEC NF70 membrane and the flow rate of the membrane 
-1 -2 

close to 9.3 l.h ,ra is not modified by the addition of calixarene. 

15 

Examples 18 and 19 

These examples study the influence of the ionic strength and transmembrane 
pressure on the Cs/Na separation by means of the FILMTEC NF70 membrane, 
20 in the presence of tetramethyl calix[ A ) resor c inolarene at a concentration 
representing 50 resorcinol unit equivalents per Cs. 

In the two examples, the aqueous effluent (pH = 9) contains 10 mg/1 of Cs . 
It also contains 2 g/1 of Na in example 18 and 10 g/1 of Na in example 19. 

25 

In the two examples, the following operating conditions are used: 
T = 30°C, 

retentate flow rate * 800 1/h 
A P - 0 to 1,6 MPa. 

30 

The retention rates RR (%) of Cs and Na obtained as a function of the 
pressure difference are given in figs. 22 (example 18) and 23 (example 

19). The Cs/Na selectivi ties are as follows: 

35 
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Transmembrane 



pressure 



Na + « 2 g/1 



Cs/Na selectivity 



Cs/Na selectivity 
Na* - 10 g/1 



AV (MPa) 



0.5 



3.4 



2 



5 



1.0 



3.5 



1.9 



1.5 



3.5 



1.8 



Thus, the transmembrane pressure has little influence of the Cs/Na select- 
ivity. In addition, the selectivity drops when the ionic strength increases. 

10 

Example 20 

In this example a description is given of a Na/Cs separation installation 
using MLMTEC NF70 membranes with the addition of te t ramethy lcalix [ 4 ] 
15 resorcinolarene as the complexing agent. This installation, illustrated in 
fig. 24, makes it possible to treat an effluent having a Na concentration 
of 2000 mg/1 and a concentration of 25 mg/1, with the addition of 12.5 
complexing agent equivalents with respect to Cs. 

20 With this installation, using 4 nanof il tra t ion modules in series (241, 

243a, 243b, 243c), on the permeate circuit and 1 nanof il tra tion module (245) 
on the retentate circuit with dilution by water, it is possible to obtain 
an effluent having a [Na ]/tCs ] of 20 300 and to supply for vitrification 
a solution more concentrated in cesium [Na + ]/(Cs ) ratio 8. 

25 

Example 21 

This example follows the operating procedure of example 1 and a study is 
made of the influence of the volume concentration factor (VCF) on the cora- 
30 plexing by polyacrylic acid (PAA) using a FILMTEC NF70 membrane. 

The operating conditions are as follows: 

- Ap = 0.7 MPa 

- retentate pH = 9 

35 - number of PAA monomer equivalen t s/Cs + Sr ♦ U ♦ Ru - 2 

- initial [Na] = 2.5 g/1 
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- initial [Sr] = initial [Cs] - initial [U0 2 ] = initial [Ru] - 5 mg/1 

- T == 25°C 

- retentate flow rate - 800 1/h. 

5 The molar mass of PAA used is 2000 g/mole and its concentration in solution 
is 2 monomer eq. based on the sum of the cations Sr, Cs, U0 2 and Ru. 

The results obtained are given in fig. 25, which shows the retention rates 
RR in % of U, Ru, Sr, Cs and Na as a function of the volume concentration 
10 factor (VCF). 

Thus, for a VCF of 7, half the sodium is eliminated from the initial solu- 
tion (in concentration relative to the elements Sr, U and Ru). The Sr, Na 
and Cs contents of the permeate increase with the VCF, whereas the retention 
15 rates of U and Ru still exceed 98%. This leakage of Sr and Cs is caused by 
the increase of the Na concentration rising with the VCF. 

In order to avoid this drop in the retention of Sr with the VCF two solut- 
ions are envisaged, namely operation as a diaf il tration system for maintain- 
20 ing the sodium content constant or increasing the coraplexing agent content. 
The diaf il tration system involves the addition of a pure water fraction 
for stabilizing the sodium concentration at the maximum value (approximately 
3500 mg/1) accepted for a virtually complete complexing (RRSr - 100%) of Sr 
with 2 monomer equivalents of PAA based on polyvalent cations. 

25 

Example 22 

This example describes a diaf iltra tion system for the separation of poly- 
valent cations and sodium. This system, illustrated in fig. 26, makes it 
30 possible to treat an effluent having a sodium concentration of 3500 mg/1 and 
has a continuous recycling loop on the FILMTEC NF70 membrane of part of the 
retentate. 

This installation is made to operate under the following conditions: 
35 - nanof iltration-coraplexing combination: FILMTEC NF70 - PAA 

- /iP = 0.5 MPa 
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- number of PAA monomer equivalents/M =2 

- pH > 7 

- [Na*J = 3.5 g/1 

- initial [M n *) = 25 mg/1 

- Rl^n* = 100% 

" RR Na. - 6 ° % 

- T = 25°C. 

Thus, there is a virtually complete retention of polyvalent cations and the 
permeate, essentially containing sodium, can be discharged directly into the 
ocean. 

Example 23 

This example studies the influence of the concentration of the complexing 
agent (PAA) on the retention rate of uranium, strontium, cesium and sodium. 

Thus, to avoid a strontium retention drop on increasing the sodium concen- 
tration, it is possible to increase the complexing agent content in order to 
displace the complexing equilibrium towards the formation of the complex 
Sr(PAA). In this case, working takes place with the FILMTEC NF70 membrane 
under the following conditions: 

- Ap = 0.5 MPa 

- retentate pH = 9 

- [Na*] - 10 g/1 

- [Sr = (U0 2 = [Cs + ] = 25 mg/1 

- T = 25 °C 

- retentate flow rate = 800 1/h. 

The results obtained are given in fig. 27, which illustrates the retention 
rates RR (in %) as a function of the number of PAA monomer equivalents based 
n Sr, Cs and U. 

Fig. 27 makes it clear that for concentrations above 10 PAA monomer eq. 
based on the radioactive elements, the retention rate of U exceeds 97.5%. 
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However, the PAA content responsible for the viscosity of the solution 
must be below a value which would excessively reduce the filtration flow. 

Good results are obtained with complexing agent quantities corresponding to 
5 50 monomer eq. , i.e. 2 g/1 of PAA in solution, the permeate flow rate still 
being 2.3 1/h. 

Example 24 

10 In this example treatment takes place of an effluent with a high sodium 

concentration (50 g/1) and a study is made of the influence of the pressure 
on the recention of M n * , using the FILMTEC NF7C membrane and 50 or 100 
PAA monomer eq. based on the cations present in the effluent. 

15 The operating conditions are as follows: 

- tank pH = 9 

- INa*] = 50 g/1 

- [Sr 2+ ] = [U0 2 2 ^] = ICs + ] « 25 mg/1 

- T = 25°C 

20 - retentate flow rate = 1000 1/h. 

The results obtained are given in fig. 28, which shows the retention rates 
of sodium, strontium and \)0^ as a function of the pressure P (in MPa). 

25 Thus, there is still a Sr/Na selectivity and a high UO^/Na selectivity, 
because the uranium retention is still above 96%. 

The following table gives the Sr/Na and U0 /Na selec tivi ties . 



35 
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Transmembrane 
pressure 
(MPa) 



PAA monomer equivalent 
nuraber/Cs+Sr+U 



Sr/Na 
selectivity 



U/Na 
selectivity 



10 



0.5 
1.0 
1.5 
0.5 
1.0 
1.5 



50 
50 
50 
100 
100 
100 



1.52 

1.95 

2.4 

1.8 

2.3 

2.8 



> 23.9 

> 21.3 

> 18. 9 

> 28.4 

> 26.4 

> 24. 3 



15 
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CLAIMS 

1. Process for separating sodium from at least one radioactive element 
present in an aqueous effluent resulting from the reprocessing of spent 

5 nuclear fuel elements, characterized in that the effluent is passed through 
a charged porous membrane or a" nanof iltration membrane, whose active layer 
is constituted by a polyaramide, a sulphonated polysulphone , a polybenziraid- 
azolone, a polyvinylidene fluoride, which may or may not be grafted, a 
polyamide, a cellulose ester, a cellulose ether or a per f luorinated ionomer, 

10 by applying between the two opposite faces of the membrane a pressure diff- 
erence so as to collect a permeate containing sodium depleted in radioactive 
elements and a retentate enriched in radioactive elements. 

2. Process according to claim 1, characterized in that the nanof iltration 
15 or charged porous membrane has an inorganic, alumina porous support coated 

with an intermediate Ti° 2 layer and an active per f luor ina ted ionomer layer 
of formula: 

(CF_CF 0 ) CFCF. 
20 | " n 

(0CF o CF) 0CF,CF,S0,H 

Z C C -> 

CF 3 

25 with m, n and x such that 
5 < rn ^13.5 
n = 1000 
2=1,2, 3. 

30 3. Process according to claim I, characterized in that the nanof iltra t ion 

membrane is a polyaramide membrane complying with the formula given in fig. A. 



35 



4. Process according to claim I, characterized in that the charged porous 
membrane comprises a porous alumina support coated with a sulphonated poly- 
sulphone layer. 



5. Process according to any one of the claims 1 to 4, characterized in that 
the aqueous effluent has a pH of 3 to 9. 

6. Process according to any one of the claims 1 to A, characterized in that 
the pressure difference between the two opposite faces of the membrane is 
0.2 to 2.5 MPa. 

7. Process according to any one of the claims 1 to 6, characterized in that 
addition takes place to the aqueous effluent to be treated of an agent 
complexing at least one of the radioactive elements present in the effluent. 

8. Process according to claim 7, characterized in that the complexing agent 
is an ethylene diamine tetraacetic acid, a polyacrylic acid, a polyvinyl 
sulprionic acid, a salt of said acids or a polyethylene iraine. 

9. Process according to claim i, characterized in that the radioactive 
clement ib chosen from among strontium, cesium, uranium, ruthenium and 

mangane . 

?':••( vss according to claim 8, characterized in that the radioactive 
••:»»r»-n: is strontium. 

. 5r * ■. according to claim 7, for separating sodium from cesium, charac- 
♦ : : that the complexing agent is t e trarae thy lc al ix ( 4 } r esor cinolar ene . 

• : according to claim A, characterized in that the radioactive 

. ■ ' ♦•slum. 
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